Introduction
Visual loss affecting the populations of tropical areas, particularly the West Indies and Caribbean Islands, has been described since the mid 19th century. In more recent years, detailed studies in Jamaica (Degazon, 1956; Whitbourne, 1947) and Nigeria (Osuntokun and Osuntokun, 1971) have delineated a clinical entity consisting of bilateral visual loss with pallor of all or part of the optic discs; in both countries, these findings are also seen as part of a more generalized neurological disorder.
With the increase of emigration from these countries to the U.K. since the last World War, there have been 4 series of patients with this condition reported from British hospitals (Crews, 1963; Owen, 1966; Behrman, 1962; MacKenzie and Philips, 1968) . These paid particular regard to possible contributory factors but it is still not certain whether the condition was a form of nutriReprint requests to: Dr F. Clifford Rose. tional or toxic amblyopia or whether some other unidentified factor was operating.
The authors report a further series of patients, all of whom were admitted with this condition to the Medical Ophthalmology Unit of the Royal Eye, Lambeth and St Thomas' Hospitals. This series includes patients from West Africa since they present a very similar clinical picture to those from the West Indies. In an attempt to determine whether there was evidence of underlying toxic factors or nutritional deficiency, they were investigated for haematological, biochemical, microbiological and radiological abnormalities (as in previous series) but also recently developed electrodiagnostic tests to assess retinal and optic nerve function. The authors also report a follow-up over a prolonged period to determine the natural history of this condition and the effect, if any, of various treatments.
Methods
The Medical Ophthalmology Unit was opened in 1965 and, in 
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zz z z z zz z Results (Table 1) The series comprised 14 males and 7 females, a male: female ratio of 2 :1. With regard to age of onset, the male patients appeared to fall into 2 groups, about half noticing the onset of visual loss in their 'teens or earlier, while in the others the age of onset was generally in the 4th and 5th decades. Two females dated the onset at 9 and 16 years, others noted the start of symptoms in the 5th and 6th decades, one patient as late as 59 years. All came from the West Indies or Caribbean, except 2 who came from West Africa. In 11 patients, symptoms commenced after arriving in the U.K. whilst in 9 they commenced in the country of origin. In one case there was no record of the date of arrival in the U.K.
Possible associated factors
Seven patients admitted to having consumed cassava or bush teas in their country of origin, although the exact forms of these were not ascertained, but most of them emphasized that the quantities consumed were small. In one patient the onset of visual loss occurred at the time of an attack of chickenpox but no medical records of this episode were available.
Family history
The first 2 cases were of particular interest as they were brothers whose visual loss occurred within one year of each other. Their father had suffered a retinal detachment but there was no other family history of visual loss. Of the other patients, only one knew of a relative suffering similar visual loss, although many of the patients had lost contact with most of their relatives after emigrating.
General examination
No abnormalities were found on physical examination in the majority of patients. Four patients were moderately hypertensive; these were all >40 years old when this incidence would not be considered unusual. Two patients had severe sensori-neural deafness. One of these had audiometry and auditoryevoked response (AER) tests, and the results were characteristic of the 'toxic' deafness found in people of African extraction.
Ophthalmic examination
In the majority of cases, the visual acuity was reduced to the same extent in both eyes. In about 50% of the cases, visual acuity was 6/24 or 6/36; a number of cases were more seriously affected but none worse than 3/60. Visual fields usually showed bilateral central scotomata although a few cases demonstrated centro-caecal scotomata, not necessarily in both eyes. Only 5 patients had classical optic atrophy with optic discs that were flat and pale. In most cases there was abnormal pallor of the temporal halves of the discs. A few patients, particularly those with longer histories, showed some narrowing of retinal vessels, but ophthalmic examination was otherwise normal.
Investigations
Haematology, biochemistry and radiology were normal except for 2 patients who were positive for sickle cell trait.
Treponemal serology. Four of the patients had positive treponemal haemagglutinin (TPHA) venereal Follow-up treatment with hydroxocobalamin and multivitamins Thirteen patients were followed-up for a period of 6 months or more, several of these were seen for > 2 years and one for 17 years.
The visual acuity of 2 patients deteriorated during the period of follow-up, one of these having received treatment with hydroxocobalamin and multivitamins; acuity improved in 6 patients, 3 of these having been treated. In the remaining 5, visual acuity remained the same and only one of these had received treatment. Apart from one patient who received a short course of oral steroids no forms of treatment were tried other than vitamins and hydroxycobalamin.
The most remarkable case was of a patient whose visual acuity improved from 6/60 to 6/5 in each eye over a period of 6 months without any treatment; as he returned to Nigeria at the end of this period it was not possible to follow him further.
Discussion
The clinical and ophthalmological features of the patients in this series correspond fairly well with others reported in the U.K. (Crews, 1963; Owen, 1966; Behrman, 1962; MacKenzie and Philips, 1968) and in their countries of origin (Degazon, 1956; Whitbourne, 1947; Osuntokun and Osuntokun, 1971; Moore, 1934; Clarke, 1936; Scott, 1918) . The history of gradual deterioration of vision down to a stationary level with bitemporal optic disc pallor and central scotomata were common findings. Although some series (Whitbourne, 1947; Carroll, 1947) concentrated on visual loss in children, these were similar to the present cases where the age of onset was in the first 2 decades. In a larger series, Degazon (1956) found the highest incidence in the 3rd decade in men and the 5th decade in women, which is the same as in the present series but, unlike this and other series which showed a male preponderance, there was a roughly equal sex incidence.
Nutritional aspects
Although the syndrome of bilateral visual loss in tropical regions, commonly known as West Indian or West African amblyopia, has been extensively studied, its precise aetiology remains uncertain. Malnutrition or the consumption of cassava and bush tea have been thought to play a major part in the syndrome (Whitbourne, 1947; Osuntokun and Osuntokun, 1971; Moore, 1934; Clarke, 1936; Scott, 1918) . Scott (1918) described a 'central neuritis of Jamaicans' in which other features, such as itching and burning of eyes and inflammatory lesions in the mouth, suggested that the visual loss was due to malnutrition. Whitbourne (1947) and Carroll (1947) also reported a high incidence of 'nutritional retrobulbar neuritis' in children who had many of the clinical features of vitamin B deficiency.
Following World War II, the idea that malnutrition was responsible for the visual loss was reinforced by studies on English survivors of prisoner of war camps. Spillane and Scott (1945) reported 112 cases, nearly all of whom had 'retrobulbar neuritis' and some had in addition nerve deafness and ataxia. Many of these patients also had evidence of pellagra and other nutritional deficiencies, and the severity of the symptoms was related to the length of time spent in the camp. Hobbs and Forbes (1946) found similar changes in prisoners of war from the Far East, but with less evidence of pellagra. Degazon (1956) (Crews, 1963; Owen, 1966; Behrman, 1962; MacKenzie and Philips, 1968) . There is no clinical evidence in any of these series of malnutrition, and a delayed effect from malnutrition in the home countries seems unlikely to cause such profound changes so many years later. If the syndrome were due to malnutrition, it would be expected that different patterns would emerge in those who had emigrated to the U.K. where the standard of nutrition is likely to be better even though migrants tend to be members of the lower socio-economic classes. It seems improbable, therefore, at least in the case of migrants to the U.K., that there is any simple direct relationship between malnutrition and visual loss. The evidence from prisoners of war (Spillane and Scott, 1945; Hobbs and Forbes, 1946) suggests that in those cases the visual loss is directly proportional to the degree and length of time of malnutrition.
Toxic factors
As long ago as 1934, Moore (1934) felt that optic atrophy in West Africa was due to cassava con- sumption and, in 1936 sumption and, in , Clarke (1936 specifically considered that raised cyanide levels were responsible. Osuntokun and Osuntokun (1971) studied cassava and bush tea, both of which are cyanogenetic, i.e. they increase cyanide levels, especially when there is deficiency in vitamin B12 and amino acids such as cystine, cysteine and glutathione which provide the sulphydryl groups necessary for cyanide metabolism. Cyanide metabolism has been extensively studied in 'tobacco amblyopia' and Leber's optic atrophy and there is evidence particularly in the former of relatively inadequate cyanide breakdown which can be corrected by giving hydroxocobalamin and sulphydryl supplying amino acids (Chisholm and Pettigrew, 1970; Phillips, Wang and Van Deburgh, 1970; Foulds et al., 1970; Crews et al., 1970) . Cyanide can produce demyelination in experimental animals (Lessell, 1971) particularly in the optic nerves but a very high dose is needed which causes, in addition, widespread damage with a high fatality. Osuntokun and Osuntokun (1971) demonstrated in patients with visual loss in the 'tropical neuropathy' syndrome, raised plasma thiocyanate and cyanide levels, raised urinary thiocyanate excretion together with reduced levels of hydroxocobalamin, cystine, cysteine and methionine. Seven of the present patients admitted to consuming cassava or bush tea in their native countries but considered that the quantities were minimal. Cassava and bush tea are available in the U.K., but none of the patients admitted to consuming them. Owen (1966) studied 40 West Indians without visual impairment and found that 28 had drunk bush tea, several for many years.
In this series, there was no correlation with consumption of allegedly toxic foods as only one third of the patients admitted to doing so.
Neurological syndromes of West Indians and West Africans
In both Jamaica and West Africa, visual loss can occur as part of widespread neurological syndromes. The pathology of these cases is basically a chronic meningo-myelitis; nerve roots showed loss of myelin as did the optic and auditory nerves. Montgomery et al. (1964) studied 206 cases of Jamaican neuropathy; only 15% of their cases had an optic neuropathy and in these cases they described a background of 'poor nutrition'. In their series the majority of cases had positive treponemal tests in the blood, but only 6% were positive in the CSF. The incidence of the Jamaican neuropathy syndrome was much higher than that of neurosyphilis. None of the present patients had positive treponemal serology in the CSF and it seems improbable that treponemal infection (syphilis or yaws) is relevant in this condition. Osuntokun and Osuntokun (1971) studied 306 Nigerian patients with tropical ataxic neuropathy, all of whom had bilateral optic atrophy together with sensori-neural deafness, panmyelinopathy and peripheral neuropathy; histology of the peripheral nerves showed areas of demyelination. The history of visual impairment and the appearance of the optic disc were similar to cases of tropical amblyopia, but central scotomata were only demonstrated in 16 out of 118 cases whose fields were plotted. They felt that the visual findings were different from the cases described in Jamaica. Only 4 patients in the present series showed other neurological changes. Three patients, 2 of whom were West Indian and one West African, had sensori-neural deafness. Although the authors did not find generalized neurological abnormalities in their patients, the pathological findings in the other series mentioned may be useful in considering the underlying changes in the present patients. In both Jamaican and West African cases, demyelination was characteristically found in the optic nerves, and for this reason the electrodiagnostic findings are of relevance.
Electrodiagnostic findings (Table 2) In all 4 patients in whom the VER was done, the most significant finding was a prolonged latency. This is a characteristic finding in optic nerve demyelination and cannot be accounted for by purely retinal changes. There was also a subnormal amplitude of the VERs which suggest axonal as well as myelin involvement; the ERG in these cases was subnormal. Ikeda, Tremain and Sanders (1978) (Crews, 1963; Owen, 1966; MacKenzie and Philips, 1968) (Moore, 1934) . In the 15 patients who were followed-up in this series, nearly 50% experienced an improvement in visual acuity but this did not appear to be related to treatment with vitamins, whereas 2 of the 3 patients whose vision had deteriorated had been so treated.
These results seem to suggest that visual improvement or deterioriation are independent of treatment with substances that would be expected to improve cyanide metabolism.
Conclusion
The particular value of studying patients who have immigrated to the U.K. is that these people have been removed from many of the environmental factors in their countries of origin which have been thought to play a part in aetiology. Crews (1963) pointed out that nutritional and personal habits common in the country of origin may be retained by individuals wherever they live, but there seems little doubt that emigration tends to raise the standard of living and to produce modifications of diet. In view of this, the finding of visual loss commencing many years after emigration makes a direct nutritional or 'toxic' cause unlikely.
In tobacco amblyopia, one of the most studied of the 'toxic' group, stopping smoking and administration of hydroxocobalamin has been shown to produce an improvement (Foulds et al., 1970) .
In contrast, 3 of the 6 cases in this series which improved on follow-up did so without any apparent change in diet or administration of drugs.
The electrodiagnostic findings of delayed peak time of the VER do not accord with those found in toxic amblyopias (Ikeda et al., 1978) Although the visual evoked responses are similar to those seen in optic neuritis (Ikeda et al., 1978; Perkin and Rose, 1979) 
